Camera calibration is a fundamental photogrammetry issue, affecting performance in applications as varied as videogrammetry, machine vision, industrial control and object tracking. Several calibration methods have been proposed: these include direct linear translation (DLT), ? radial alignment constraint (RAC), ? and Zhang's method. ? Of note is the pinhole model used to represent an ideal camera projection, based on the assumption that the object point, the perspective center of the lens and the ideal image point all lie on a straight line. Lu et al. ? expressed this as a set of collinear equations that relate the coordinates of a 3D point in the object frame to the camera frame.
Figure 1. Gaussian radial distortion profiles for a Videk Megaplus CCD camera with a 20mm lens. ?
Our method divides the camera calibration procedure into two steps. First, the camera parameters are calibrated using a linear projective model. Second, the nonlinear lens distortions are determined based on the model obtained in the first step.
We used it to design a calibration grid for our experiments. The grid, shown in Figure 2 (a), consists of 851 (23 lines, 37 rows) coplanar black-filled circular targets, all of which can be divided into two groups based on their role in the calibration: base points (near the principal point or geometric center) and correction points (others). The former are used to construct the projective model and the latter to compute the distortion model. The camera is fixed, and the calibration grid is moved on the guide apparatus with precision control. We take photos of the grid before and after its movement using a digital camera. 
